The MicroCore toolkit is a suite of analysis programs for microarray and proteomics data that is open source and programmed exclusively in Java. MicroCore provides a flexible and extensible environment for the interpretation of functional genomics data through visualization. The first version of the application (downloadable from the MicroCore website: http://www.ucl.ac.uk/oncology/MicroCore/microcore.htm), implements two programs -PIMs (protein interaction maps) and MicroExpressand is soon to be followed by an extended version which will also feature a fuzzy k-means clustering application and a Java-based R plug-in for microarray analysis. PIMs and MicroExpress provide a simple yet powerful way of graphically relating large quantities of expression data from multiple experiments to cellular pathways and biological processes in a statistically meaningful way.
Introduction
The successful sequencing of the human genome, together with other whole-genome sequencing projects [6] , have brought about a shift in research focus, marked by a transition from a sequenceorientated to a more gene-functional approach. New high-throughput methods for large-scale analysis of genome expression are enabling the generation of very large amounts of data, and the challenge now is to exploit this data in ways that enhance our understanding of biological processes and the integrated functioning of the cell.
Microarrays are a new technology for quantifying the relative amounts of RNA in a cell sample and thereby establishing an approximation of cellular gene expression at the time of RNA extraction [9] . By performing microarray analysis comparing distinct cell types, or a single cell type under a wide range of conditions, one can obtain what is commonly termed a gene expression profile for each cell type or experimental condition. For example, Ross et al. [10] and Scherf et al. [11] have shown that the NCI60 cancer cell lines have very specific gene expression patterns and, further, that their expression profiles correlate with drug sensitivity and resistance.
Microarray data analysis commonly applies a range of methods, ranging from hierarchical clustering and k-means clustering to neural networks and support vector machines for the identification of co-expressed genes (for recent reviews, see e.g. [15] and [12] ); and the aforementioned NCI60 experiments are an example that clearly shows the power of using such techniques. Since Eisen's application of hierarchical clustering [5] , this kind of analysis has become something of a paradigm to microarray data miners. Open source software packages, combining clustering techniques with data normalization and statistical analysis tools, have been released, such as Genesis [13] , BioConductor, TM4 and BASE [3] .
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Whilst these techniques comprise an indispensable toolkit for functional genomics, this kind of analysis fails to address how levels of gene expression relate to the role of gene products in protein interaction networks, particularly in metabolic and signalling pathways, which form the basis of integrated biological processes and cellular behaviour. To address this question, a complementary set of applications is being developed that enable the analysis of microarray data on biological pathways (see e.g. GenMAPP [4] , CMAP [2] and KEGG [8] ).
Building on these developments, a next generation of functional genomics analysis tools can be envisaged that would integrate identification of differentially expressed genes by statistical techniques, clustering of co-expressed genes and interpretation of gene expression on pathways and networks in a single software environment. The MicroCore project aims to provide a workbench of this kind as an open source platform-independent Java2 toolkit for microarray analysis.
The MicroCore analysis suite
A suite of analysis programs has been developed for the analysis of gene expression and proteomic data by visualization on cellular pathways. MicroCore is highly extensible and has a pluggable interface for the docking of new and updated software modules, also allowing the inclusion of personalized programs. MicroCore is currently customized for Affymetrix data, including data normalization and annotation via links to external databases, and is adaptable for analysis of data created by other types of microarrays.
Java2 is a powerful object-orientated programming language from Sun Microsystems [14] and has the unique advantage of enabling common source codes to run on almost any platform and operating system. Java2 has an extensive library for graphical user interface representation, as well as support for a wide range of application-related tasks, such as database connectivity, server/clientside and Internet functions, multithreading capability, and even 3D graphics support. This makes Java2 a perfect language for the kinds of applicability one needs to tackle the analysis of microarray data.
The initial release version 1.0 of the MicroCore suite provides two program modules -PIMs (protein interaction maps) and MicroExpress. Together, these two programs enable the user to create user-defined protein interaction maps (Figure 1 ) and view the differences in gene expression between two microarray experiments in the context of those pathways (Figure 2) , making the version 1.0 toolkit already a powerful way to analyse data in parallel with clustering techniques. PIMs and MicroExpress are SBML (Systems Biology Markup Language)-compliant [7] , enabling export of pathway maps to other SBML-aware applications.
Additionally, both PIMs and MicroExpress have an inbuilt web browser launcher and Affymetrix Chip annotation tables that allow the user to connect to up to 10 online databases (including NCBI's GenBank, OMIM, LocusLink, Affymetrix NettAffx, TIGR and others). This functionality accommodates most Affymetrix chip types.
Other functionalities include the incorporation of normalization methods (global normalization, for Affymetrix arrays, and global scaling, which can be applied to both Affymetrix and spotted array data). The normalization methods are calculated live, meaning the user can switch to either of the methods or switch them both off and the effect can be seen immediately. Live graphics have been applied to the log function view also, which allows the user to see differential expression after the logarithm of the ratio has been calculated. Statistical methods included in version 1.0 include a Welch's t-test for checking the significance of the difference between the data distributions of the two array experiments in question and a ttest for checking the significance of differences in expression between experiments for each individual gene.
Ultimately, elucidation of the cellular control of metabolic and signalling networks, and of the significance of genome activation states in these regulatory processes, will require direct comparisons to be made between the transcriptome (measured by microarray technology) and the proteome (measured through proteomic technologies). At present, despite its genome-scale potential, proteome analysis is at a much earlier stage of development than gene expression (microarray) studies [1] . In anticipation of technological hurdles being overcome and proteomic data becoming more widely available, a visualization feature for the display of quantitative proteomic data along with the gene expression data The MicroCore suite is specifically designed for ease of use and, perhaps most importantly, for further integration and expandability. Implementation of fuzzy clustering and statistical modules is in progress for release with version 2.0, which will also include an auto-updating facility. Detailed program documentation is available at the MicroCore website to provide support for users and facilitate development of new application modules. An indepth tutorial on general microarray analysis methods is also available at this site.
